Introduction
The use of fossil fuels (e.g., oil and coal) as an energy source has many negative environmental impacts, such as the release of pollutants and resource depletion. A high consumption rate of fossil-fuels will result in an increase in environmental pollution during the next century, due to the emission of CO2 and other gases that cause global warming through what is known as the greenhouse effect [1] . In order to reduce CO2 emissions and oil dependency, each country in the world is responsible for improving the quality of its energy sources [1] . One of these improvements is the use of waste heat or low temperature sources (such as some renewables) [2] , being the organic Rankine cycle "ORC" a promising technology for their conversion into power [2] [3] [4] [5] .
The ORC principle of operation is equal to the conventional Rankine cycle, with the difference of using an organic agent as working fluid. However, unlike the conventional Rankine, the change of fluid allows the energy recovery from low enthalpy sources for work or electricity production. Thus, one of the main research lines realized on this issue is the selection of a suitable working fluid due to its great influence in the design of the process [2] [3] [4] , [6] [7] [8] [9] [10] . Depending on the application, the heat source and the temperature level, the fluid must have optimum thermodynamic properties at the lowest possible temperatures and pressures, and also satisfy several criteria such as being economical, nontoxic, nonflammable, environmentally-friendly, allowing a high utilization of the available energy from the heat source. If all these aspects are considered, a few fluids can be used [2, [4] [5] [6] and therefore, after an extensive literature review, a preliminary comparison of the previous aspects and the thermodynamic performance obtainable for heat sources up to 100ºC with different fluids, R134a was chosen as working fluid. This selection has been done on the basis that R134a: is a nontoxic and nonflammable fluid (belonging to the group A1 based on ASHRAE 34) and its Ozone Depletion Potential (ODP) is zero; there is wide experience of turbomachines and heat exchangers using this fluid; R134a has a high molecular mass (chemical formula: CF3CH2F, MM=102kg/kmol), so that turbines work with low enthalpy drops and low mechanical stresses; it has a temperature and critical pressure of 101.1ºC and 40.6 bar, respectively, allowing its use in the temperature range of interest, and the condenser operates at a higher pressure than atmospheric, and therefore air in-leakages do not occur. Several researchers have investigated the application and performance of ORC with R134a as a working fluid. In [8] , the efficiency of the ORC using benzene, ammonia, R134a, R113, R11 and R12 was analyzed, last two fluids obtaining greater efficiencies, however they are also substances of limited use [11] . An analysis of a regenerative ORC based on the parametric optimization, using R12, R123, R134a, and R717 as working fluids superheated at constant pressure was carried out in [12] [13] . Results revealed that selection of a regenerative ORC during overheating using R123 as working fluid appears to be a good system for converting low-grade waste heat to power. In [14] [15] a lowtemperature solar organic Rankine cycle system was designed and built with R134a as working fluid that works between 35.0ºC and 75.8ºC for reverse osmosis desalination in Greece. The results showed a system efficiency of about 7% and 4%, respectively. Other studies that have analyzed the use of R134a as working fluid in the ORC cycles for reverse osmosis desalination at an experimental level [16] , and also as a theoretical manner [17] [18] [19] [20] [21] [22] have presented similar efficiencies as ones previously mentioned. In this same field, [23] showed a simulation to estimate the increase in the efficiency and the energy available for desalination of an upper ORC coupled with a lower ORC with R134a, obtaining an efficiency for the latter of 4.2% and a global of 3%. Other cycles with R134a for applications for geothermal sources are reported by [24] [25] [26] and in bottoming cycles with internal combustion engine in [27] . A thermodynamic screening of 31 pure component working fluids for organic Rankine cycle is given in [4] achieving an efficiency of 7.7% with cycles that operate with R134a and temperature of 100.0ºC, whereas in [6] from the 20 fluids studied and reported, R134a was found to be the most suitable in terms of yield. Other works that have analyzed the use of R134a as working fluid in ORC cycles of low temperature have been realized by [9] and [28] [29] [30] [31] .
In view of what has been stated, there is a great interest in the use of this fluid for energy use of sources below 150ºC. However, we detected a discrepancy in the literature about the best thermodynamic conditions for its use, because while some studies like those presented in [6, 12, 13] do not find its overheating interesting, others such as [21] see a positive impact working under this condition. Therefore, this paper has been developed to show in an exhaustive manner, the effective thermodynamic difference with the use of this fluid at saturated and overheating conditions. In addition, the influence of the input temperature in the turbine (in the range of 60°C-150ºC) and therefore, the influence of the energy source on the performance and on the net specific work in a basic system and in a system with an Internal Heat Exchanger (IHX) has been studied.
The main contributions of the present paper are based on the scarcity of information and research leading to show the influence of the input temperature and pressure in the turbine (and therefore the energy source), as well as the inclusion of an IHX for the power cycle with R134a as working fluid in low temperature heat sources for power generation. The results show that the efficiency for this fluid is a weak function of temperature, i.e., overheating the inlet fluid to the turbine does not cause a significant change in the efficiency. However, when the pressure ratio in the turbine increases, much larger values of efficiency are obtained, and also, as the input temperature to the turbine rises, the efficiency increases more sharply. Furthermore, the effect of adding an IHX to the cycle was analyzed, giving as result a maximum efficiency of 11% and 14% for the basic cycle and with IHX, respectively.
Description of the power cycle
The ORC operation principle is the same as the conventional Rankine cycle. A pump pressurizes the liquid fluid, which is injected into an evaporator (heat source) to produce a vapour that is expanded in a turbine connected to a generator. Finally, the output vapor is condensed and sucked up by the pump to start the new cycle. An IHX can be also included to make even better use of the energy from the expanded vapor, preheating the pump fluid that will enter the evaporator as it is shown in Fig. 1 . According to the state points displayed in Fig. 1 , Fig. 2 shows the power cycle in a T-s-diagram plotted with [32] data. As an example, an ideal cycle process is shown by segments, which are built from the state points 1, 2is, 3 and 4is marked with (○). The line segment 1-2is represents an isentropic expansion with a production of output work. Heat is extracted from 2is to 3 along a constant subcritical pressure line. Then, an ideal compression of the saturated liquid from pressure at state point 3 to state point 4is. Finally, the segment 4is-1 represents the heat addition at constant subcritical pressure to the highest temperature of the cycle at state point 1.
The previous case, but operating under conditions in which the expansion process as well as compression process have a certain efficiency, is represented by the segments built from the state points 1, 2, 3 and 4 marked with (○) in the same Fig.  2 , which are also related to Fig. 1 . In order to increase the process efficiency, an IHX is introduced (as it can be seen in Fig. 1 ), in which a portion of the rejected heat, represented by an enthalpy drop from 2 to 2IHX at constant subcritical pressure, is transferred back to the fluid, raising its enthalpy from 4 to 4IHX at constant subcritical pressure. Net heat rejection is indicated by the enthalpy drop from 2IHX to 3 at constant subcritical pressure. State point 3 is at the lowest temperature of the cycle and above the temperature of the heat sink. Net input heat to the cycle occurs from 4 (or 4IHX) to 1 at constant pressure. Net output work is the difference between the output work from state points 1 to 2 and the input work pump from state points 3 to 4.
Modelling of the process
The equations used to determine the performance of the different configurations are presented in this section. Using the first law of thermodynamic, the performance of a Rankine cycle can be evaluated under diverse working conditions. For both configurations, the analysis assumes steady state conditions, no pressure drop or heat loss in the evaporator, IHX, condenser or pipes, and the constant isentropic efficiencies of 75% are assumed for the pump as well as for the turbine. The cycle's total energy efficiency is:
Where t W  is the power out from the turbine; p W  is the power input in the pump defined as:
and the e Q  is the heat input in the evaporator defined as:
or (4) An input temperature of the condensation water T7=15ºC and a minimum working fluid condensation temperature of T3=25ºC have been considered. Otherwise, a pinch point of 10ºC is maintained between T3 and the output temperature of the condensation water (T8) for both configurations. In the heating process, the overheating of the inlet fluid to the turbine (T1) is considered from the condition of saturated steam up to its critical temperature. The minimum discharge pressure of the turbine (P2) is equal to the saturation pressure of the fluid in liquid state (P3) to the temperature T3=25ºC.
The thermodynamic analysis of the cycle was performed using a process simulator HYSYS ® (Hyprotech Co., Canada). This simulator is useful for thermodynamic analysis, especially at steady state condition, and it has the advantage of including fluid properties and ready to use optimization tools. Its predictions have been compared with the ones from [32] and the results are very similar. The simulation flow diagram is the same as the one presented in Fig. 1 , and the method for resolving all the components is widely described in [3, 10] .
Results and discussion
This section presents the results obtained in the simulations done with R134a fluid using the method described in section 3. As it was commented in the introduction, this fluid is of interest for the temperature range under study because of its good environmental characteristics, safety and thermophysical properties (temperature and critical pressure, boiling point, etc.).
Furthermore, it must be taken into account that the ideal working fluid for a Rankine cycle is that whose saturated vapor line is parallel to the line of expansion of the turbine. As a consequence, a maximum efficiency is ensured in the turbine when this works in the area of dry steam (as it is shown in Fig. 2) . This fluid has a slight negative slope in the saturation curve, and therefore the expansion process can be very close to the line of dry steam.
The procedure for analyzing the behavior of this subcritical cycle consisted of varying the inlet temperature or pressure to the turbine and/or the discharge pressure of the turbine, until these conditions do not allow the fluid to be in the gaseous state neither in the input nor in the exit of the turbine. The results obtained for saturated and overheating conditions are presented in the sections below. Fig. 3 has been realized to analyze the influence of the P1/P2 ratio (in various conditions of saturation) on the efficiency of the cycle for this fluid. The discharge pressure P2 at five different saturated conditions were studied (7, 10, 15, 20 or 30 bar) maintaining both the inlet temperature to the turbine (in saturated conditions) and the pressure P1 constant (the latter undoubtedly corresponds to the condition given by saturation temperature), for each curve. Fig. 3 shows that the highest efficiency is achieved when the inlet and the discharge pressure are the highest and lowest respectively, making higher the pressure ratio (i.e, making Δh greater and therefore producing more work). It is interesting to note that for the same pressure ratio, higher efficiencies are obtained for lower temperatures (or what it is, lower pressure P1); especially in the range from 77ºC to 101ºC, e.g., for a T1 of 77ºC the efficiency was approximately 1.5% more than for a T1 of 101ºC. For lower temperatures this influence begins to be unappreciable. conditions on the overall efficiency of the cycle). Also the behavior of this cycle with each one of the saturation conditions presented in Fig. 3 was compared to the new conditions of overheating. Firstly, it can be inferred from Fig. 4 to 8 that the behavior is similar to that discussed for Fig. 3, i. e., higher efficiency is achieved when the inlet and the discharge pressure is the highest and lowest respectively, (with higher pressure ratio, i.e., higher Δh and therefore more work is produced). In addition, for the same pressure ratio higher efficiencies are obtained for lower P1 (especially in the range of 25 to 40 bar), e.g., the efficiency for a P1 of 25 bar was approximately 1.5% more than at saturated conditions for a T1 of 101ºC. For pressures less than 25 bar such influence was not very significant. Also Figs. 4 to 8 show the condition of overheating causes a slight increase in efficiency compared to that achieved at saturation conditions. This occurs because the inlet temperature to the turbine has a wide range of effects on the efficiency of the system depending on the slope of the isobaric curve in the region of overheated steam on the T-s diagram. If a fluid has a significantly steeper slope in the region of high pressure isobaric curve than in the region of low pressure, the system's efficiency increases as the inlet temperature to the turbine increases, otherwise it decreases. In our case, given that the R134a fluid analysis shows a slight negative slope in the saturation curve (Fig. 2) , a slight overheating causes a slight increase in η, whereas, when the ratio P1/P2 increases, much higher values of this efficiency are obtained and in addition as T1 rises, such η increases more sharply.
Saturated conditions

Overheated conditions.
Thus, the following section 4.3 discusses how the inlet temperature to the turbine T1 influences the efficiency of the cycle, at various constant P1/P2 ratios.
Influence of the input temperature to the turbine T1
on the efficiency of the cycle.
In Fig. 9 the results on the η of the cycle by increasing the T1 at a constant P1/P2 ratio are presented. It is obvious that when the P1/P2 = 1.5 (which is the lowest of those studied, see Fig. 9 ) the efficiency, η, increases with T1. However, it should be noted that η is a weak function of temperature for the case of the fluid studied (as it was Figure 9 . Influence of the input temperature to the turbine T1 on the efficiency of the cycle with constant P1/P2 ratio.
reported in the section 4.2), i.e. overheating the inlet fluid to the turbine does not cause a significant change in η. However, much higher values of η are obtained when the P1/P2 ratio increases and also as T1 rises, η increases more sharply as it is shown in Fig. 9 .
Comparation of basic ORC vs. other with IHX
Finally, Fig. 10 presents the results of simulations realized with a basic and with an IHX ORC (Fig. 1) . The inlet pressure varies from 7 bar up to its critical pressure at four constant inlet turbine temperatures: 150°C, 120°C, 90°C and 60ºC. Also, a pinch point of 5ºC is maintained between T3 and the output temperature of the condensation water (T8) and a temperature difference (∆T) between T2 and T4 of at least 5ºC for the cycle with IHX. In the heating process, the overheating of the inlet fluid to the turbine (T1) is considered from the condition of saturated steam up to its critical temperature.
In Fig. 10 , the blue tendency lines and the open blue symbols indicate the energy efficiencies of the simple cycle, the green tendency lines and the green bold symbols point to the energy efficiencies of the cycle with IHX and the discontinuous red lines represent the net specific work (wne). On the other hand, symbols represented with a triangle (▲), square (■), circle (•) and rhombus (♦) are linked with the analyzed temperatures of 150ºC, 120ºC, 90ºC and 60ºC, respectively. Fig. 10 shows a behavior where both the η and the wne at all four temperatures increase. There are several reasons for this: noting firstly, that the input temperature and the discharge pressure of the turbine are fixed; second, we assume that the work produced by this device is that given by equation (2); third, if the Mollier diagram of this fluid is analyzed, it can be seen that, for a constant temperature, when the pressure increases, Δh rises, and t W  along with it, which ensures the increase of both η and the wne of the cycle. It is interesting to note how, for a same inlet pressure to the turbine P1, there is no appreciable increase in η with increasing temperature in the case of the basic cycle. However, for the cycle with IHX, the difference is more representative, both in the same cycle with IHX at different temperatures, as compared to the basic cycle at the same T1, except in the latter case, for temperatures of 60ºC and 90ºC, in which it is not very noticeable the inclusion of an IHX. This occurs because as was mentioned in the preceding sections, in the case of the basic cycle, the overheating of the fluid does not cause an appreciable increase in η, except for pressures close to the maximum allowed by the T1 studied (i.e. to higher pressure ratios), where this effect starts to be noticeable. As an example for illustrating this, considering an inlet pressure to the turbine of 20 bar, an increase of the inlet temperature to the turbine from 90ºC to 150ºC, caused a raise in the efficiency of 2.5% for the case of cycle with IHX. For this same pressure and inlet temperature to the turbine of 90ºC, the inclusion of the IHX caused an increase in the efficiency of 0.8%, approximately, with respect to the basic cycle.
On the other hand, for the same inlet pressure to the turbine P1, there is an appreciable increase in η with increasing temperature in the case of a cycle with IHX due to the recovery of energy. As a consequence, the amount of energy required from the heat source decreases and the overall cycle efficiency increases, as can be seen in the same eq. (1).
Conclusions
Based on the simulations carried out, the system's efficiency proposed is a weak function of temperature, because overheating the inlet fluid to the turbine does not cause a significant change in the overall efficiency of the cycle. However, when the pressure ratio in the turbine increases (obviously limited by the temperature of the heat source), much larger values of efficiency are obtained (≈5% more as maximum for the same temperature T1) and also, as the inlet temperature to the turbine rises, the efficiency increases more sharply (≈1% more as maximum for the same pressure ratio P1/P2). Furthermore, adding an internal heat exchanger to the cycle increases significantly the efficiency values obtained (≈3% more as maximum).
Moreover, considering the energy analysis carried out, it can be concluded that the ORC with R134a as working fluid is suitable for the production of useful energy using low enthalpy heat, as it is possible to operate in relatively low temperature ranges. In addition, many of the aspects taken into account nowadays in these processes, such as environmental issues, safety and efficient and rational use of energy have been satisfied.
